is illustrated in his paper entitled 'Some aspects of infant feeding' (14) published in 1918. Here he pointed out that the demand for accessory food factors was particularly evident during the period of growth, so that the protein and vitamin A of the tissues of the mother were made available to the infant at her expense if the diet was deficient in these substances. Furthermore, the young deprived of vitamin A not only failed to grow satisfactorily but were very susceptible to infection, particularly of the eyes. This was an early •observation of the liability of a vitamin deficiency to reduce resistance to bacterial infection. Although he believed at that time that vitamin B was unlikely to be deficient in a country in which rice was not the staple cereal Drummond thought that hum an infants might well need other watersoluble factors, and endorsed the recommendation that orange juice should be given to artificially-fed infants. He pointed out that many substitutes for mothers' milk must, in many instances, be seriously deficient in both accessory factors 'A' and 'B', but particularly in the former. He attributed the danger o f feeding skimmed condensed milk to infants not to its shortage of fat but to its lack of vitamin A, and recommended that cream or cod liver oil should be fed to meet a deficiency of this factor where it existed. He concluded his paper with the words 'It now remains for the practical worker on infant nutrition to apply the results of these experimental studies as soon as he is convinced of their accuracy. ' It was clear at this time that Drummond was becoming an acknowledged expert on nutrition and in 1918 he received the degree of D.Sc. of the University of London. It was, therefore, natural that he should be appointed to succeed Funk as Physiological Chemist at the Cancer Hospital in August 1918, but the next year, when R. H. A. Plimmer resigned the Readership in Physiological Chemistry at University College, London, on his appointment as Biochemist at the Institute of Animal Research, Bucksburn, Aberdeenshire (now the Rowett Research Institute), Drummond moved to University College, London at the invitation of Professor E. H. Starling. Here he was a Research Assistant from 1919 to 1920, and was then made Reader in Physiological Chemistry. In 1922, at the early age of 31, he was appointed to the newly created Chair of Biochemistry at the College, this appointment being made possible by a generous benefaction from the Rockefeller Founda tion.
University College, London ( ): 1919-30
By 1920 the number of accessory food factors or vitamins known to exist was three, fat-soluble A, water-soluble B and the antiscorbutic vitamin C. The realization that two types of factor, one fat-soluble and one watersoluble, were necessary for normal growth in the rat had clearly emerged from the experiments of McCollum and Davis in 1915 ( . 1915,23,181 ). In 1918, E. Mellanby recognized rickets as a deficiency disease (J. Physiol. 1918-19, 52 , xi) and subsequently showed that the antirachitic vitamin was associated with certain fats. Then evidence gradually accumulated that two separable fat-soluble vitamins existed, one being antixerophthalmic and the other antirachitic (McCollum et at, J . biol. Chem. 1922, 53, 293) . The former was designated fat-soluble A or vitamin A, and the latter fat-soluble D or vitamin D. It was clear at this time that the original concept of 'vitamines' as nitrogenous bases was inadequate to account for the existence of the fatsoluble apparently non-nitrogenous accessory food factors, and in 1920 Drummond made the suggestion (22) that since the termination 'in' implied, in accordance with systematic chemical terminology, a substance of unknown constitution, the terminal 'e' of Funk's neologism 'vitamine' be dropped. The new term 'vitamin' was widely adopted and in time completely replaced the former cumbrous expression 'accessory food factor'.
From 1920 onwards, as his own master of research, Drummond rapidly broadened his interests. Indeed in retrospect one may well gain the impres sion that he cast his net somewhat too widely. Thus between 1920 and 1925 his publications are concerned not only with the properties and nature o f vitamin A and vitamin B but also with the formation of vitamin A in plant tissues (31) and in a marine diatom (42), the relationship of fat-soluble vitamins to rickets and growth in pigs (30), the effect of vitamin B deficiency on reproduction (62), the use of cod liver oil in the feeding of farm animals (47, 48), nutrition and growth on diets devoid of fat (21, 33) and the nature of an alleged preparation of the anterior pituitary growth hormone (40). His interest in practical affairs took him to the Norwegian cod-fishing fields in order to investigate the manufacture of cod liver oil and of the liver oils of other fish (34, 36, 37), and he wrote also on the selection of cod liver oils for medical use (63). But a broad sweep of canvas appealed to the artist in Drummond, and indeed he has been described as 'like hum an quicksilver' because of the way he darted from one thing to another, from one place to another, and from one problem to another, with almost childish exuber ance and enthusiasm, which was in fact contagious, particularly to the younger men around him. He had a quick, impulsive, creative mind, whose main interest was in the generalities of broad questions; elaborate detail bothered him as a modern necessity. He disliked the careful building up of a vast structure of supporting evidence, preferring to rely upon his own wide knowledge and experience in reaching a conclusion. It was for this reason that his contributions to the advance of knowledge of the chemical nature of vitamins, depending as it did upon the laborious accumulation of detailed evidence, were of much less significance than his influence on the development of nutrition as a whole. His achievement in building up a school of young biochemists at University College was of especial significance to the growth of biochemistry in Great Britain and must remain as the mark of a man who, in this respect, might well be envied by many to whom academic laurels came in greater profusion.
The Department of Biochemistry which Drummond created at University College was small and during his time was a part of a larger departm ent o f Physiology and Biochemistry, but under Drum m ond's influence it soon became an im portant centre of teaching and research, and exerted an influence on the development of the growing subject of biochemistry out of proportion to its size. Although most of his own work was concerned with some aspect of nutrition, Drummond encouraged his more senior pupils to develop independent lines of work, and thus the interests of the D epartm ent rapidly widened. He believed it to be an im portant duty of a Professor to train men for senior posts elsewhere, and in this he was singularly successful, infusing some of his own breezy vitality and energy into those around him, and meeting with so much success in the training of pupils that no fewer than nine of those who were his colleagues or pupils hold or have held University Chairs. No other School of Biochemistry in Great Britain has produced so many Professors as did his D epartm ent during Drum m ond's ten ure. The secret of his success in this is hard to elucidate. It was D rum m ond's own habit to work hard and to play hard, and he did both with an enthusiasm which he readily im parted to those around him. His energy was certainly a most striking characteristic. Although in the 1920's he was carrying on much consultant work for industry, he could always find time to discuss problems with a junior research worker, and even though he might not be much concerned with details, he would be able to make startling and sometimes valuable suggestions concerning the possible general developments of the work in hand which, for the man who was capable of responding, were of great stimulating force.
Drummond was a good teacher and his lectures on his special subject of nutrition were outstanding. His teaching also dealt most entertainingly with that aspect of biochemistry concerned with the inter-relationships of enzyme systems within the cell (see 75). It was natural that the junior members of the D epartm ent should attem pt to emulate their Professor in the production of fluent and interesting lectures, and here again Drummond's impress on his colleagues was both widespread and long-lasting, and of some significance in the development of biochemistry as a whole. But his influence at University College was by no means confined to those who sought to specialize in biochemistry. Drummond himself was particularly good at getting over to a lay audience some understanding of the complexities of science, a gift which is given to few. He also threw himself whole-heartedly into under graduate affairs and was a popular speaker at student societies of all sorts. He was a co-founder of a dining club at which students and staff could meet informally, which still flourishes as a memorial to his interest in the young man. In many a cricket match at University College, serious and less serious, Drummond was a zealous and apparently indefatigable player. As a Professor, and a teacher in the widest sense of the word, Drummond was out standing in a college whose staff has never lacked brilliance and originality.
It was during his early years at University College that Drummond developed an im portant colour reaction for vitamin A in collaboration with his old master and friend, Dr O. Rosenheim. In 1920 Drummond and Rosenheim suggested that the chromogen responsible for the transient purple colour obtained when cod liver oil is treated with sulphuric acid might be related to the vitamin itself (20), and subsequent investigations appeared to bear out this view (39). In 1925 Drummond and Rosenheim described the more sensitive and less transient colour reaction given by liver oils with arsenic trichloride, and provided evidence which strongly suggested that there must be a relationship between the chromogen and the vitamin (65). It was perhaps unfortunate for Drummond and Rosenheim that when, in the following year, Carr and Price replaced arsenic trichloride by the less objectionable antimony trichloride, the colour reaction should have been widely adopted under the name of the Carr-Price reaction. In 1929' Drummond, with R. A. M orton of Liverpool, was able to provide clear evidence that the quantitative use of the Carr-Price reaction was a reliable means of determining the vitamin A potency of cod liver oils (81).
During these early years of research on vitamins more than one worker called attention to the apparent relationship between the presence of yellow pigment in vegetable foodstuffs and the activity of the latter as a source of vitamin A. Steenbock had observed this association in a num ber of natural foodstuffs in 1919, but had pointed out that certain exceptions occurred in which the presence of the vitamin was not associated with yellow pigment; he suggested that the colouring m atter might sometimes be present in the form of a leuco-compound. Drummond and Coward (25), as the result of a survey of the distribution of vitamin A, concluded that 'unless we assume the existence of a leuco form, it does not appear probable that the fat-soluble vitamin is a member of the lipochrome class of pigments. The frequent association of the growth factor with pigments of that type must therefore be regarded as accidental.' Nevertheless, Drummond, in collaboration with O. Rosenheim, prepared carotene, the yellow colouring m atter from carrots, and found that it was without effect in the growth tests then in use for the detection of vitamin A activity (20). When subsequently it became clear that in these experiments the animals had been suffering from a deficiency not of vitamin A alone, but of both vitamin A and vitamin D, Drummond reopened the question of the possible vitamin A activity of carotene,, concluding once again that carotene was without vitamin A activity (84). This conclusion was unfortunately incorrect, and subsequently the vitamin A activity of carotene was confirmed by Drummond and. his colleagues (89) " the earlier negative results being ascribed to the fact that the solvent, ethyl oleate, employed as a vehicle for the administration of the carotene to the deficient rats, tends to undergo oxidation, particularly when it is purified. This oxidation was found to involve the dissolved substance, especially when the latter was pure, and the authors suggested that the impurities normally present both in ethyl oleate and in carotene could serve as antioxidants. W ith characteristic generosity Drummond took the entire responsibility for this error on to his own shoulders at a meeting of the Biochemical Society.
During the 1920's Drummond and his colleagues made a number o f attempts to isolate pure vitamin A from fish liver oils, and finally, in 1932, in collaboration with Heilbron and Morton of Liverpool (98), he produced highly concentrated viscous liquids which were more active than the purest carotene then available. Although the products were not absolutely pure, some of them can now be seen from their properties to have contained about 80% of a mixture of the two vitamin A isomers plus 4 to 8% of vitamin A2. Drummond was perhaps unfortunate in having chosen to attem pt the isolation from natural sources of a substance as notoriously difficult to purify and crystallize on the laboratory scale as vitamin A turned out to be. D rum m ond's subsequent investigations on the purification and nature of vitamin E were similar in result. A study of the unsaponifiable fraction of wheat-germ oil led to the preparation of an oily product which, although not demonstrably homogeneous, appeared to be substantially more active with respect to vitamin E than any previously obtained (121, 125). After the isolation of a-tocopherol from wheat germ oil as a crystalline allophanate by H erbert Evans and his collaborators {J. biol. Chem. 1936, 113, 319) it appeared that the product obtained by Drummond and his colleagues must have been the vitamin in a state very nearly pure, although unfortunately there was no evidence of its purity at that time. Already, however, before this work on vitamin E was completed, D rum m ond's attention had been turning more and more to an interest in practical nutrition, a m atter that had clearly been in his mind from the time of the paper on infant feeding (14), published in 1918, to which we have referred earlier.
University College (2): 1930-39
In 1929 Drummond made a visit to Newfoundland on behalf of the Empire M arketing Board to study the cod liver oil industry there, a report on which was subsequently published with Professor T. P. Hilditch (91). Although the writing of this report did not escape some criticism (see Nature, Lond. 1931, 127, 631) the information in it was of great practical value in directing attention to a plentiful source of high potency liver oils within the British Empire, a m atter of some economic significance at this time. During his visit to Newfoundland Drummond became interested in the nutritional condition of the inhabitants, particularly the fishermen, whom in some instances he believed to suffer from vitamin deficiencies caused by a lack of the very vitamins which were abundant in the products they prepared. When he was invited to Stanford University, California, to give the Lane Medical Lectures in 1933, he published these under the title 'Biochemical studies of nutritional problems', a wide survey of the subject and an indication of Drummond's growing interest in nutrition in general (116). In 1933 he also visited Spain to lecture on nutritional subjects at a time when revolutionary fighting was in progress, these lectures being delivered under the aegis of the League of Nations Health Organization. Drummond had been interested in the 'Peoples' League of H ealth' from its inception, this having been founded in 1917 by the late Miss Olga Nethersole, C.B.E., to offer general advice on health, and it was natural that Drummond should be consulted in matters of nutrition and health. His conspicuous ability to convey to a lay audience the practical significance of the technical aspects of nutrition, and the role played by vitamins in health and disease, led to his being called to advise many bodies concerned with nutrition, and he was greatly in demand as a lecturer both in Great Britain and abroad.
Indeed, in Great Britain in the early 1930's a new interest in nutrition was developing, undoubtedly fostered by the economic crisis of 1931. I n that year a Committee of the Ministry of Health had been set up to advise on general questions of nutrition, while in 1933 another Committee was set up by the British Medical Association with similar interests. In 1936 the report by John Boyd O rr (later Lord Boyd-Orr) on health and income (MacMillan London, 1936, 2nd Ed. 1937) revealed the inadequacy of the diets of families with low incomes, and showed that the standard of health of these families, especially that of the children in them, was much lower than that of people with higher incomes. The tentative conclusion reached was that 'a diet completely adequate for health, according to modern standards, is reached at an income level above that of 50 per cent of the population'.
In 1934 Drum m ond's own interest in the practical problems of nutrition was quickened in rather a striking way. In the previous year the late Professor H. E. Armstrong, in his capacity of a Governor of Christ's Hospital, had become aware that Dr G. E. Friend, the Medical Officer of the School, had much information that might be of general interest concerning the health of the schoolboy and his nutrition, during the first world war and after. As a result of Armstrong's suggestion, Drummond with his friend, Dr J . Vargas Eyre, visited Christ's Hospital early in 1934, and the writer well remembers the excitement with which Drummond returned to the laboratory, having found that Dr Friend's figures suggested that the incidence of fractures at Christ's Hospital rose when butter was replaced by margarine during the latter part of the 1914-18 war, and rapidly fell again when butter was restored in 1922. As the result of the interest of Armstrong, Eyre and Drummond, Dr Friend wrote a book on this subject, The schoolboy-his nutrition and ment, which was published in 1935 (Cambridge: Heffer), and to this book Drummond contributed a preface, the first sentence of which reads 'It is a fact at once surprising and humiliating that with thousands of years of human life and experience behind us we are actually engaged today in ac quiring laboriously the knowledge necessary to enable us to feed and rear our children properly.' In this preface Drummond emphasizes how often malnourishment was seen in growing boys of thirteen or fourteen in past years, and how often the cravings of natural hunger must have been regarded as a manifestation of the carnal sin of greed, to be suitably repressed. In truth, as he said, a growing boy of thirteen or fourteen years requires as much food as a man who is doing a fair day's work. His comments are a significant foreshadowing of the firm position he later took in the Ministry of Food on the desirability of making available to the nation a diet which was unrationed with respect to total calories.
In 1935 D rum m ond's wish to study nutrition in other countries became known to the Rockefeller Foundation and as a result he was given a special short Fellowship by the Foundation for the period January-M ay 1936. During this period he visited Holland, Germany, Czechoslovakia, Austria, Hungary, Switzerland, Poland, Russia, Finland, Sweden, Norway and Denmark, in order to survey nutrition in these countries, and particularly the nutrition of the poorer people. He came back full of enthusiasm for the experiments in canteen feeding which he had seen in Eastern Europe, and his experiences at this time undoubtedly influenced his views when he assumed some degree of responsibility for advice on nutritional matters in Great Britain in 1940. At this time he had become convinced of the unfor tunate results, particularly with respect to nutrition, which the industrial revolution had brought about in Great Britain, and it was this developing interest in historical aspects of nutrition which led ultimately to the writing of The Englishman?s food (156, see also 126, 148 and 155). Although his grow ing concern with practical problems of nutrition involved the directing of much of his activities into pathways of this sort (117, 131, 132, 137, 138, 140, 153) he still continued investigations on the chemical nature of vitamin E (135, 136, 139, 141, 145), the relationship of vitamin deficiencies to the endocrine system (144, 150), and other matters of general biochemistry (143). Nevertheless, in 1938 and 1939 his interests were being more and more taken up by historical studies of English diet and nutrition.
The Englishman1 s food,a history of five centuries of English diet, by J. C. Drummond and Anne W ilbraham (1939) , was published by Jonathan Cape at a most opportune moment (156). The work is generally regarded as a scholarly contribution to history, and it includes much material that had not previously been brought together in one book. It starts with a discussion of medieval agriculture and the production of food in medieval and Tudor England. A discussion of the 17th and 18th centuries leads to a consideration of the influence of the industrial revolution and the deterioration of physique found during the 19th century. In the final chapters, dealing with the 20th century, the development of nutritional research, its application during the war of 1914-18, and the opening of what is described as a new era in the period of 1919-39 is discussed with the conclusion that 'It is fair to say that there is no problem of nutrition in England today. So much research work has been done in the laboratories and so many precise dietary surveys have been made that we know all we need to know about the food requirements of the people and the extent to which they are or could be provided. The real problem is how to make it possible for those whose health is being adversely affected by a faulty diet to obtain not only the knowledge about the right kinds of food to eat but the food itself. One thing is certain, a means must be found of bringing essential food within the reach of the poorest section of the community. How this is to be done is not yet apparent, but it is to be hoped n o Obituary Notices that the problem will be faced in a frank and honest m anner.' How much Drummond himself would be able to assist in solving this problem was, of course impossible even to guess at when these words were published early in 1939.
The publication of The Englishman's food and the outbreak of war were not the only turning points in Drummond's career in the fateful year of 1939. To the sorrow of his many friends his first marriage broke up in that year, and in the following year he married Anne W ilbraham, who had been his secretary for many years and who was his co-author in The Englishman's food and in an earlier historical essay (126).
The Ministry of Food: 1939-46
When war came on 3 September 1939 Drummond, like many others of those willing to help, had no obvious niche in the colossal machine which had to be constructed in order that the war might be won. In June 1939, with some other Professors, he had received a letter from the Provost of University College informing him that if war broke out the College would be moved to Wales and that as far as could be foreseen his services would not then be needed. It was made clear in this letter that he would remain a member of the College staff, and that his salary would be forthcoming, but the College itself hoped that he would be able to undertake some form of National Service.
Already, in September 1938, Drummond had offered his services to the expected Ministry of Food should war become a reality, but at this time it was suggested that if a Ministry of Food were brought into being as the result o f an emergency it would look to already established organizations for advice on the scientific and technical aspects of problems concerning food. There was then no intention that a Ministry of Food should subsume a scientific staff.
Soon after the outbreak of war Drummond was consulted informally about gas contamination of food, and on 16 October 1939 he was officially appointed 'Chief Adviser on Food Contamination' to the Ministry of Food. At first his duties were largely advisory, reliance being placed on the co-opera tion of existing research organizations for the carrying out of any needed investigations but as the result of his activities a manual on Food and its protection from poison gas was published by the Ministry of Food in 1940 (H.M. Stationery Office S.O. No. 70-9999). Early in that year he visited Porton Experimental Station to collect information, and to make experiments on decontamination and on standards of fitness of foods exposed to gas con tamination.
Now that he was in the Ministry Drummond began to interest himself in a number of scientific aspects of its work and shortly submitted a memorandum in which he criticized as inadequate the available machinery for dealing with new processes and inventions that might be useful in war-time. But it is clear that he did not find his position one which provided full-time occupa tion, and he chafed somewhat at the periods of inactivity with which it was associated. At this time he was able to keep some academic research going, despite the closing of University College, at the Courtauld Institute of Bio chemistry, Middlesex Hospital, London, by courtesy of the Director, Professor E. C. (now Sir Charles) Dodds.
On 13 December 1939 Drummond and A. L. Bacharach read a paper to the Food Group of the Society of Chemical Industry, which was sub sequently published, entitled 'The composition of optimal and marginal diets' in which the evidence for hum an nutritional requirements was critically examined and in which ideas later to be accepted as of importance in the Ministry of Food were discussed (160). But at that time the place in the planning of a nation's food supply of a scientist at the Ministry of Food was not yet clear to those in administrative authority. Early in January 1940 Drummond was called to a conference by the Parliamentary and Scientific Committee to arrange a meeting at which war-time bread would be discussed from a scientific point of view. It was agreed at this preliminary meeting that Dr J. Vargas Eyre, who had raised the question, should invite indepen dent scientists to contribute to the discussion, together with representatives of the Flour Milling Industry and the Baking Trade; the subject of discussion would be the most suitable national loaf for war-time. When it was proposed that the interested Ministers should be represented by their Scientific Advisers, it became apparent that the Ministry of Food had no Scientific Adviser. A number of M.P.s agreed to take up this m atter at once, but when the meeting of the Committee was held on 31 January 1940, Drummond stressed that he was speaking in his private capacity, and indeed on that day there was no post of Scientific Adviser to the Ministry of Food in existence. At this meeting he stated that in his view the country would not reach a maximal nutritional state until something approximating to wholemeal bread was made available, particularly to the poorer classes. He did not regard meat as of such importance as the availability of ample supplies of whole meal bread and vegetables, though he was not making a plea for vegetarian ism. Physiologically, in his view, fats were not an important part of the diet provided that green vegetables were plentiful. He made clear that the country was faced with two questions, first how to increase the consumption of dairy produce and vegetables, particularly among the lower income levels of the community, and second how to obtain wholemeal flour. He thought that both these aims could be achieved and although it would not be possible to do everything in this direction at once, he believed that the consumption of potatoes and vegetables could be stimulated very greatly during the war period. Drum m ond's views on the importance of wholemeal bread, supported as they were by the representative of the Ministry of Health, did not pass unchallenged by representatives of the Flour Millers. While expressing willingness to do whatever was deemed best in the circumstances they pointed out that the 25 per cent taken from the wheat in the preparation of 75 per cent 'extraction (white) flour was of great importance as an animal foodstuff; they agreed, however, that this loss ought to be considered with respect to the fact that a smaller amount of wheat would then be needed for flour.
On the same day (31 January 1940), Drummond submitted to the Ministry of Food a memorandum 'On certain nutritional aspects of the food position' in which he reviewed the pre-war nutritional position of Great Britain and the probable effects on it of war-time conditions, particularly stressing the effects on the poorer sections of the population. He put forward the view that bread should be of a high nutritive value, that the consumption of potatoes, oatmeal, cheese and green vegetables should be increased, that not less than one pint of milk a day should be supplied to expectant and nursing mothers and to children up to the age of 15, and that margarine should be fortified with vitamins A and D (cf. 162). He again expressed the opinion that a restriction of the consumption of meat would be relatively unimportant, parti cularly if supplies of cheese and fish were adequate (cf. 161).
On the following day (1 February 1940) Drummond was officially appointed Scientific Adviser to the Ministry of Food. In this position he needed to utilize to the full the blend of qualities which went to make up the man as he was. His knowledge of and experience in laboratory research stood always in the background. An unusual sense of history, illustrated in The Englishman1 s food, was combined with a good general knowledge of modern nutritional developments and needs and a flair for exposition of such know ledge to lay audiences. His ability to express scientific findings in words easily understood by the layman was of great importance, as also was his capacity to become easily acquainted with all classes of men. The boyish vigour and breezy and approachable m anner which characterized him from the earliest days did not desert him even during the darkest days of war. At times when the Ministry of Food was subject to much criticism, he dealt quickly and firmly with a host of day-to-day problems, while at the same time advising the Minister wisely and effectively on matters of long-term policy.
His position as Scientific Adviser was not a ready-made one, with clearly defined boundaries. The Minister of Health was charged with the respon sibility of advising the Government on nutritional policy, while to the Minister of Food was assigned the task of giving effect to the policy adopted, the Medical Research Council being available for special advice. Not him self a medical man, and one who at times had not concealed his critical attitude to medical doctors for what he thought to be their deplorable lack of knowledge of the scientific bases of nutrition, Drummond might well have been regarded as a difficult collaborator by his medical colleagues. But, in fact, as Lord Horder has written of him, 'his tolerance, his humility and his insatiable desire for the truth never failed him, and he was for this reason the ideal colleague' {Brit. Med. J . 1952, 2, 395). He was indeed at pains to work harmoniously with his colleagues in other Government departments and elsewhere and it was largely at his instigation that a Standing Inter departm ental Committee was set up in 1941 on Medical and Nutritional problems to which all interested bodies sent representatives. This Committee did much useful work behind the scenes and its decisions were reached only after all relevant points of view had received full consideration. It was in such planning that Drummond excelled, and since his fearlessness and vitality were associated with a friendliness that disarmed those whom he criticized, he was able to secure the fullest collaboration with his scientific and administrative colleagues. His approach to problems was often empirical rather than sprucely academic, and if something did not work out as he hoped he sometimes did not hesitate rapidly to change his tactics.
At the time of Drum m ond's appointment as Scientific Adviser, the Ministry of Food was still relatively young, though with the coming of Lord Woolton as Minister on 4 April 1940 m aturity was rapidly attained. When Lord Woolton was first appointed he was necessarily much occupied with practical problems of immediate importance in which his own industrial experience was of great value. Nevertheless the new Minister was fully aware of the value of scientific advice in the affairs of the Ministry, and his first inquiries included the question 'Where is the Scientific Adviser to this M inistry?' Drummond himself related how he introduced himself to the Minister by first sending him a copy of The Englishman's food, and it appears that the Minister having rapidly appraised the importance of the book was equally quick in his appreciation of the man and of his special abilities. Much depended upon the establishment of a full mutual trust between Adviser and Minister despite the difference of their background and their different approach to their common problems.
In an account of Drummond's activities at the Ministry of Food it is clearly impossible to extricate precisely what was his share in the complex develop ments that went on, but in the overall result at the highest levels can be discerned threads which Drummond had already begun to spin before the war. Thus in 1940 the Lord Privy Seal, in his capacity of Chairman of the W ar Cabinet Committee on Food Policy, set up a Scientific Food Policy Committee of which the Chairman was the President of the Royal Society. This Committee had as one of its principal functions to advise on the minimal diet required to maintain health and efficiency under war conditions, with due regard to the potential availability of supplies from home and overseas, and to questions of labour, shipping space, foreign exchange and other econ omic matters. This Committee, in the course of its work, considered among others the following problems: collective feeding; the economic and nutri tional aspects of potatoes, bread and flour; supplies of fats and oils; the use of dried milk; the adequacy of supplies of protein; and the availability of vitamin concentrates. In the consideration of all these matters the Ministry of Food and its Scientific Adviser's Division necessarily played an important part.
At all times Drummond was able to blend skilfully into a clear and easily read document the results of discussions with economists, statisticians, agriculturists and other specialists, and in so doing was able to guide the thoughts and decisions of many Committees of different types.
Shortly after Drummond's appointment he made strong recommendations against any proposal to reduce the total consumption of food in the country, emphasizing not only his own practical experience, but also that in the 1914-18 war, when, as he said 'most unwisely and against expert advice a cam paign urging voluntary restriction in the consumption of foods, particularly bread, was launched by the Government', so that 'those who loyally res ponded suffered loss in weight and reduction of efficiency'. His great success in assessing the over-all calorie needs of a nation at war, and in assisting to provide unrationed foods, chiefly bread and potatoes, to ensure that indivi dual variations in the total calorie requirements could be covered, may be gauged from the pamphlet Food consumption levels published in 1944 in Great Britain by the Ministry of Food (S.O. No. 70-444*) and from the lectures delivered by Drummond himself in later years (176, 177, 178, 179, 180, 181) .
In May 1940 the Ministry of Food's import programme for the second year of war carried an appendix entitled 'A survey of war-time nutrition ' , setting out what were in fact Drummond's views on the nutritional policy that ought to be adopted. It was the first time that modern knowledge of nutrition could be applied to the problem of the war-time planning of the food supply of a nation which was dependent on imports for about twothirds of the energy value of its food supply. The survey showed that before the war the nation's food had been adequate in what were described as energy-rich foods, but short in what were called protective foods, particularly in those supplying calcium, vitamin A and vitamin Bx. During 1940-41 home production was expected to provide about one-third of the nation's energy requirements, two-thirds of its needs for calcium, one-third of the necessary vitamin A, two-fifths of the vitamin Bx and, as a consequence of a rise in home potato production, all the necessary vitamin C. Recommendations were made for improving the supply of vitamin Bx either by increasing the extrac tion rate of flour or by fortifying white flour with the synthetic vitamin. The expansion of home production of milk and vegetables including potatoes was advocated, while the need was emphasized for the increased importation of cheese, dried or condensed milk, canned fish, pulses, and of concentrates of vitamins A and D with which margarine could be fortified (see 162, 163, 165, 166). It was further recommended that the importation of fruit (other than that of oranges), nuts, and eggs in shell, should be reduced, since such imports were wasteful of shipping space when considered in relation to either energy production or protection. The impossibility of reducing supplies of energy-rich foods without the risk of impairment of the nation's health and vigour was again stressed. The classification of foodstuffs into 'energy-rich' and 'protective' was a concept at once simple and effective. Another valuable and simple idea was that of 'vulnerable groups' which covered pregnant women, infants and so on.
Drummond's value was now widely recognized and in the Fourth Report of the Select Committee on National Expenditure (7 May 1940) the expansion of the scientific staff' of the Ministry of Food was recommended. One impor tant result of this recommendation was the appointment of Dr T. M oran as Drum m ond's deputy in the following month. In September 1941 Drummond submitted to the Ministry an im portant memorandum entitled 'The nutritional position in the United Kingdom after two years w ar'. This report related a series of nutritional levels, 'Spartan', 'Subsistence', 'Adequate' and 'Ample', to the needed tonnages of food imports, and referred to the menacing outlook at the beginning of 1941, particularly with respect to protein and calcium for growing children, and to vitamin A, which was 'sharply relieved by the liberal supplies offered by the U.S.A. under the terms of the Lease-Lend Act'. The report also pointed out that a considerable proportion of adults lost weight during the winter and spring of 1940-1. O n the basis of a requirement of 2900 calories for each person, a m atter which at that time was in debate, a 'spartan' regime would require greatly increased home production of food, but could reduce the import programme to 9 to 10 million tons, while a subsistence diet could be devised with an import programme of 11 to 12 million tons. In fact, during 1944, the import programme was 11 million tons compared with 22 million tons per annum before the war (176). Thereafter each year until 1946, when he left the Ministry, Drummond circulated reports of this type, which not only explained to his non-scientific colleagues the principles on which the nutritional requirements to be met by the expected import tonnages should be considered, but also discussed their application to particular problems.
M uch of Drum m ond's success at the Ministry was undoubtedly due to his persuasiveness and the skill with which he managed Committee work. He was constantly involved in discussions with the other bodies about the establishment of appropriate levels for the vitaminization of margarine, about nutritional targets for school meals, the relative nutritional value of rations distributed to different types of factory canteen, the establishment of stan dards of vitamin content for orange juice and the organization of propa ganda to explain the importance of fruit juices in infant feeding and the establishment of the average need for calories 'moving into consumption' for the population as a whole. These and many other negotiations, often about matters more for judgm ent than for pedantic ratiocination, were carried through with the urbane assurance of a man who seldom lost his intuitive grasp of the wider principles involved, but who still possessed an almost schoolboy delight in new ideas, from whatever source they might be derived. Another most valuable asset, unusual in a Professor, was his facility of eliminating non-essential details from his recommendations; he would convey in a few succinct paragraphs the fundamental reasons for the actions he advocated. If the necessity arose he would fearlessly plunge into the minutiae for the benefit of his scientific collaborators, but to his non-scientific administrative colleagues his terse lucidity was a god-send.
Drummond regarded the war as an opportunity for attacking dietetic ignorance, and of changing the nutritional status of vast numbers of people whose condition had been the object of his criticisms before the war. And although he was but one wheel in the complex machine which achieved this aim, his own views, and his ability to put them in the right form, at the right time to the right people, provided a most significant contribution to the solution of a problem which was almost staggering in its immensity. He was particularly interested in the provision of special supplements for mothers and children. Jointly with his colleagues in the Ministry of Health he played a full part in organizing supplies of cod liver oil and vitamin tablets for expectant and nursing mothers. He helped too with the cheap supply of liquid milk to 'vulnerable groups' and in their priority when milk was rationed, in the early experiments with black currant syrup and rosehip syrup as sources of vitamin C for expectant mothers and young children, in the subsequent provision of concentrated orange juice and cod liver oil to these two groups when such preparations became available, in the generous allocation of rationed food for school meals, and in the provision of national milk and cocoa for adolescents. M any of these arrangements were maintained after the war and even with the cessation of rationing in 1954 some of them are to continue. Is it too fanciful to trace a line of thought through The Englishman's food to the decisions which made possible the post-war con tinuation of these supplements?
The development of dehydrated food as a means of conserving shipping space was another of Drummond's interests and he initiated the im porta tion of dried egg into this country, together with large quantities of skimmed dried milk. He also assisted the widespread distribution of dehydrated soups and vegetables.
One of the most difficult problems on which Drummond had to advise during his time at the Ministry was the subject of bread. As he pointed out (180) when supplies of most staple foods are restricted by rationing or by other causes the balance of individual energy requirements can be easily provided only if there is available an unrestricted pool of calories. It is im portant that the foodstuffs constituting this pool be cheap, and the provi sion of this in the form of unrationed bread and potatoes was a cardinal principle of food policy during the war. But the supply of the vitamins B ought to be related to the total carbohydrate intake, as had become clear from academic research carried out in the pre-war period. If this view be accepted one is forced to conclude that the low extraction type of white flour eaten generally in Great Britain before the war was, in itself, nutritionally defective, since much of the B vitamins, present in the wheat berry, were removed in the process of milling. When bread and other carbohydratecontaining foods such as potatoes came to occupy an increasingly significant dietary position during the war, the need to find additional sources of the B vitamins became of param ount importance. In his statement to the Parliamentary and Scientific Committee on 31 January 1940 Drummond had strongly advocated the introduction of wholemeal bread and in April 1940 
which it was then proposed to make available. A month later, the Medical Research Council presented a memor andum published in August ( L a n c e t1940, 2, 143) recommending brea on a flour of 80 to 85 per cent extraction. On 18 July 1940 the Ministry of Food announced that two kinds of bread would be provided at the same price: a loaf baked from white flour of 70 to 72 per cent extraction and enriched with synthetic vitamin Bx, together with an unspecified quantity of a calcium salt; and a 'wholemeal bread' (see 163). The addition of calcium, on the recommendation of the Medical Research Council, was made to ensure that all classes of the population received at least the daily requirement (163). However, in the spring of 1942 it was decided to enforce the consump tion of bread made from flour of 85 per cent extraction, with the total exclu sion of the white vitamin-enriched loaf. The relatively dark 'National wheatmeal' loaf based on the flour of 85 per cent extraction did not meet with an enthusiastic reception, but technical developments improved the quality of the flour in time, rendering it lighter in colour. In the autum n of 1944 the extraction rate was reduced from 85 per cent to 82^ per cent and then to 80 per cent. In these developments Drummond had the powerful co-opera tion of D r T. M oran, Director of the Flour Millers' Research Association, who had been seconded to the Ministry in June 1940, and his assistance was most valuable in dealing with the specialized questions involved. Even today the controversy about the extraction-rate of flour is not concluded, but the fact that, despite all difficulties, agreed conclusions were successfully put into operation during the stresses of war is a tribute to all concerned, and par ticularly to the Ministry of Food, the Ministry of Health and the Medical Research Council.
In 
of the national diet. The back ground had therefore been developed before the outbreak of the war for the first large-scale application of the science of nutrition to the population of the United Kingdom. A separate Ministry of Food was established with wide executive powers over the production and rationing of foods, the purchase of foods from abroad and the education of the public in the proper use of available foods.
'By the effective employment of its great powers the Ministry of Food, in consultation with the Ministry of Health and with the advice on all matters which might affect the health of the people of a Standing Committee under the chairmanship of the Chief Medical Officer, succeeded to a remarkable degree in providing a diet for all the workers of the country in conformity with their physiological requirement, irrespective of income.
'Although almost all other environmental factors which might influence the public health deteriorated under the stress of war, the public health in Great Britain was maintained and in many respects improved.
'The rates of infantile, neo-natal and maternal mortality and stillbirths all reached the lowest levels in the history of the country. The incidence of anaemia and dental caries declined, the rate of growth of schoolchildren improved, progress was made in the control of tuberculosis, and the general state of nutrition of the population as a whole was up to or an improvement upon pre-war standards.
'In the opinion of the Lasker Awards Committee, this has been one of the greatest demonstrations in public health administration that the world has ever seen. The Lasker Awards Committee of the American Public Health Association therefore takes great satisfaction in recommending awards for scientific and administrative achievement to the British Ministries of Food and Health and to the four great leaders in this historic enterprise, Lord Woolton, Sir Jack Drummond, Sir Wilson Jameson and Sir John Boyd O rr. ' During the war Drummond was involved in the necessity of much travel ling. Towards the end of 1941 the nutritional situation in M alta had become serious, and Drummond was asked to send somebody to look into it. Char acteristically, he went himself, early in 1942, and was able to make a number of im portant practical suggestions, including a requisition for one cwt. of ascorbic acid to be sent in by air. He himself was flown out of the island in a lull between air raids. When food supplies began to flow from the United States under the Lease-Lend Act, Drummond had to make many trans atlantic visits. He was one of the delegates to the Hot Springs Conference, in June 1943 , which led to the formation of the Food and Agriculture Organization of the United Nations, whose basic purpose is to raise the levels of nutrition throughout the world. He gave an interesting account of this meeting at a subsequent lecture (172).
In 1944, with the end of the war in sight after the invasion of the Continent, Drummond became adviser on nutrition to SHAEF and to the Allied Post-W ar Requirements Bureau. At that time the Council of British Societies for Relief Abroad was concerned about the health of the people of the countries then being liberated or whose liberation was imminent. It set up a Committee of which Drummond was Chairman, to write a short m anual for the use of relief workers, to help them assess the nutritional state of the population liberated, and to take practical steps to improve it quickly and safely. The resulting booklet, entitled Nutrition and relief , published in January 1945, owed much to D rum m ond's commonsense and lucidity. It was widely used as a standard text-book by all the organizations working in liberated coun tries. In M ay 1945 Drummond was a member of a party of medical and scientific people who were allowed to pass through the German lines into occupied Holland before hostilities had ceased, in order to advise on the procedures needed to relieve the starving Dutch people with the minimum of delay, and not only did he speedily bring succour to the starving but also ensured that the unrivalled opportunities for the investigation of scientific aspects of starvation thus presented should be utilized to the full (173, 175, 177, 179, 181). It was natural that, with all his experience Drummond should be appointed as Adviser on Nutrition, Control Commissions for Germany and Austria (British Element) during the period immediately after the war .
Even with all these many affairs on his hands during the period of the war Drummond still had the energy and ability to undertake other duties. From 1941 to 1944 he was Fullerian Professor of Physiology in the Royal Institution, and during his tenure gave four courses of afternoon lectures on nutritional subjects, and two Friday evening discourses. Unfortunately of all these only one was published-the discourse on the Hot Springs Confer ence (172). In 1944 he became Chairman of the Committee on Hospital Diet of King Edw ard's Hospital Fund and under its auspices two memoranda were published on hospital diet, the second in 1945. These memoranda, based in part on dietary surveys carried out under Drum m ond's supervision, marked the beginning of an intensive and effective campaign for the im proved preparation and service of meals in hospitals, a m atter which, in some instances had been surprisingly and deplorably neglected up till that time.
In 1945 he resigned the position of Professor of Biochemistry at University College, London, on appointment as Director of Research to Boots Pure Drug Company, Nottingham, but until 1946 he was seconded to the Ministry of Food to continue his work there.
In 1944 he was knighted for his war services, and in the same year he became a Fellow of the Royal Society. The latter distinction, having been delayed until late in life, brought more satisfaction to his many friends than it did to Drummond himself and he took little interest in the affairs of the Society. Abroad his contributions during the war were widely recognized. He received the U.S. Medal of Freedom with Silver Palms, and in 1946 he was elected an Honorary Member of the New York Academy of Sciences. He was made a Commander (Civil Division) of the Order of Orange Nassau for his services to Holland, while the University of Paris conferred on him the degree of Doctor honoris causa, an honour which particularly pleased him.
Then in 1946, his war-work being complete, he moved to Nottingham.
Last Y ears [1946] [1947] [1948] [1949] [1950] [1951] [1952] At Nottingham Drummond threw himself into the duties of his new post as Director of Research to Boots Pure Drug Company with the same energy and enthusiasm that had carried him through the difficult and strenuous, years of the war. But he now possessed an assured reputation that rendered the assumption of his new life much easier than were his early days at the Ministry of Food in 1939. As in the Ministry, so in industry, he could often get to the heart of a problem by his ability to grasp the situation as a whole and to disregard the fears of those whose absorbed interest in detail did not permit them to comprehend the principles involved. His reputation gave such prestige to the research in which he was interested that funds could usually be found for what was needed, and he brought a steady stream of academic friends and colleagues to give informal lectures on their special interests in research. In this way Drummond hoped to diminish the barriers that inevitably exist between industrial research workers and their academic counterparts.
He still continued to travel frequently in connexion with his duties, both in this country and abroad, and again his power to mix easily with all sorts, and conditions of men was of immense value.
His wideness of interest is illustrated by the encouragement he was able to give to veterinary research ; his support and enthusiasm were of great importance in the enlargement and equipping of his company's veterinary science division at Thurgarton. At the same time he had become a Founder Member and first Chairman of the 'Fine Chemicals Group' of the Society of Chemical Industry. Although he still continued to give occasional lectures (179, 180, 181) his writings necessarily appeared less frequently than during his earlier days, and from 1948 until his death nothing serious appears to have been published over his name.
Early in 1952 he suffered a sub-arachnoid haemorrhage, which however,, appeared to have no lasting effects. In August 1952 he went to France for a holiday with his wife and ten-year old daughter and on the night of August 4-5, all three of them were murdered by shooting while camping near the village of Lurs in the French Alps. The Times of 16 November 1953 reported that Gaston Dominici, a 76 year old farmer of Lurs, had on the previous day confessed to the murder of Sir Jack and Lady Drummond and their daughter in their roadside camp on the boundary of his farm, on the evening o f 4 August 1952. According to The Times of 7 May 1954 a special court at Aix en Provence had recently decided that Gaston Dominici should stand on trial on a charge of murdering Sir Jack Drummond, his wife, and their daughter, at Lurs in August 1952, but no date was given for the proposed trial. No certain motive for the murder had emerged during the investigations which led up to the trial, though robbery had apparently been excluded.
The news of such a brutal and inexplicable crime against an internationally respected and distinguished scientist was received with horror in all civilized countries and led to the publication of many tributes from abroad (see for example Nature, Lond. 
Jack Cecil Drummond
T he M an D rum m ond's life provides a striking example of the man who was sup remely well prepared for a task which he was free and able to undertake at a time when his equipment and experience were probably unique. For this undertaking he was fortunate to enjoy energy and good health to a degree unusual in a man of his age and varied experiences. Although he was 61 years old at the time of his death, he was described as a man of about 40 by a French newspaper reporter who came to the scene of the crime before the identity of the body had been established. Indeed, Drummond acted as though he were a man twenty years younger than his age, particularly in the vitality and energy which he displayed right to the end.
His was a warm, gay and cheerful personality: a man who looked for and took appreciably with both hands the nicer things of life. He has been des cribed by a friend as £a lovable, amusing, kindly, unpredictable soul. His anxiety to help and to please left him with so much to do that he taxed himself far too much. ' Although he was sprightly, debonair, breezy and approachable he was not one with whom intimacy was easily come by. His humour was often puckish and sometimes tinged with cynicism; he was occasionally outspoken, sometimes to the point of brusqueness and on occasions even to his disadvan tage, particularly in the earlier years. He was, in fact, at times a controversial figure and his contributions to the advance of science were sometimes them selves controversial. Indeed, it was more through others and through his influence on events than by his own direct additions to scientific knowledge that Drummond made his greatest contributions.
He had a very definite artistic appreciation and ability, often humorous. He was enthralled by a good theatrical presentation and was a frequent 'first nighter' in London. At Nottingham he was a director of the Playhouse Repertory Theatre and did much to keep it on its feet. Good food and wine appealed to him and he became an early member of the Wine and Food Society: when he moved to Nottingham he became a pillar of the local branch of that society. His interest in the problems of a local restaurateur who sought a licence to sell wine was humorously portrayed in the delightful pen-sketch he wrote for Wine and Food, No. 76, 1952 (subsequently reprinted in Chem. Ind. Rev., 1953, p. 33) . From this delicious study in the spirit o f Clochemerle one can catch at Drum m ond's civilizing influence in an industrial M idland city, where much more than lovely old buildings had been swept away under the torrent of wealth which poured from the textile mills in the last century, and where the arts and gracious ways of living had been swamped to such an extent that they had not yet completely recovered.
He went through sometimes surprising phases because he attuned himself as fully as he could to the circumstances surrounding his immediate interest. Thus when he went to Spain to lecture he went all Spanish for quite a time : in anticipation of going to Russia and Central Europe in 1936 he went all Russian, took lessons in the language, dined at Russian restaurants, favoured the ballet, Russian music and literature. Some of these phases lasted some time, others were soon displaced. A close friend has described him as 'an artist who had got into the wrong pasture'. His intensity of living, his fullness of life, his sustained vivacity, were to some extent a reaction to a way of life to which chance had brought him. He nearly always worked at home with a background of soft music; he said that things came to him better when tuneful music was being played. Undoubtedly his artistic perception and intuition were both his strength and his weakness in matters which were purely scientific.
After his death there was published a letter, addressed to the late Sir Gilbert Morgan in 1935 (then Director of the Chemical Research Laboratory at Teddington), inquiring about the possibility of obtaining basic and acidic resins with which to investigate their use in the separation of amino-acids {Chem. Ind. Rev., 1953, p. 85). In this Drummond was fifteen years ahead of those who succeeded in such an application of ion-exchange resins but unhappily he appears not to have pursued his inspired idea at the time of its inception.
Artist, discoverer, reformer, historian, host: whichever of his many facets caught the light shone brilliantly. But the torch that he lighted at University College and at the Ministry of Food will, in the hands of his pupils and successors, continue to burn steadily through many years to come.
I am particularly indebted to Dr N. C. W right for information concern ing Drummond's activities at the Ministry of Food during the war, and to Dr J . Vargas Eyre for much valuable material relating to Drum m ond's life. To Professor G. F. M arrian, Mrs Mabel Drummond, Dr J . F. W ard, Dr Magnus Pyke and to many others too numerous to name I express my thanks for information without which this account could not have been written. Lord Woolton has kindly read the typescript. 
